(Received for publication, October 1, 1926.) During the summer of 1924 a spontaneous outbreak of paratyphoid occurred among the guinea pigs maintained for breeding purposes and for stock. Throughout a 5 year period prior to the outbreak the guinea pig population had been conspicuously free from disease. No animals had been introduced from outside sources during this time. The stock represented a rather homogeneous population but not a vigorously inbred one. Inasmuch as the outbreak was of spontaneous origin in a uniform population known to have been free from disease for a period of years, it was deemed worthy of study. The infection was followed through the active stage of the epidemic* and an endemic stage which subsequently ensued.. Particular attention was paid to the latter stage in an endeavor to ascertain some of the factors accountable for the maintenance of the infection in the form of sporadic cases and carriers. "IRe present paper wiU deal only with the course of the outbreak, the gross pathology of the disease, and the bacteriology of the causal organism. The factors which seemed significant in determining the maintenance of the infection through the endemic period will be discussed in a second paper.
Numerous references to spontaneous paratyphoid in the guinea pig may be found in the literature. The disease appears to have been recognized as early as 1884 and subsequently called bacillary pseudotuberculosis of the guinea pig * We are indebted to Dr. Laura Florence for making autopsies and cultures of guinea pigs during July and August of 1924. 353 by Eberth (1) in 1885. T. Smith and J. R. Stewart (2) in 1897 reported a single case of pseudotuberculosis in a guinea pig and were able to isolate an organism from the spleen which was culturally related to the hog cholera bacillus and to 13. typhi murium of Loeffier. Wherry (3) in 1908, investigating the efficacy of the "Azoa" virus for the extermination of rats, encountered the disease in his guinea pig stock. He isolated a bacterium apparently identical with that found by Smith and Stewart. He named it 13. cholerae caviae but later changed it to 13. pestis caviae. On the basis of direct agglutination he judged it to be identical with the "Azoa" bacterium. paratyphi of animal origin. He described the gross and microscopic pathology of the disease. A detailed summary of the literature pertaining to guinea pig paratyphoid up to 1916 is given by Holman (6) in a survey of spontaneous infections of the guinea pig. Paratyphoid has been studied in the mouse from the standpoint of experimental epidemiology, and reference should be made to the extensive researches of Webster (7), Topley (8) , and their associates.
The guinea pigs comprising the population in which the outbreaks of paratyphoid occurred are maintained in three groups. The first group includes the breeding animals, divided into units of 5 sows and 1 boar kept in single cages. At parturition each sow with her young is removed to a separate cage and kept there until the young guinea Pigs are weaned, a period of about 2 weeks. This forms the second group, which is maintained in the same room with the breeding stock proper. The cages are of metal, well separated, and offer only a remote possibility of direct communication. As soon as the young guinea pigs are weaned the sow is returned to the original breeding unit, the young separated as to sex and added to the stock benches. Here are segregated young pigs of the same sex and approximately the same age in groups of 20 to 30 individuals. T h e y are the weaned, stock guinea pigs for general laboratory use and constitute the third group. T h e y are maintained in a separate room from the breeders and unweaned young. During the months of July and August, in order to stop breeding approximately half of the boars are removed from the breeding units to individual cages in a separate room. Such replacements as become necessary among the breeders are made from young guinea pigs selected from the stock.
The epidemic began on the 14th of July, 1924, and continued for a period of 8 weeks. At that time the population was composed of 597 animals distributed as follows: breeders 310, unweaned young 69, stock pigs 218. During the 8 week interval 104 individuals succumbed to the infection. Irrespective of groups the mortality rate for the period was approximately 17 per 100 of population. The distribution of deaths within the population was of some interest. The infection first appeared among the breeders which numbered, at the time, 250 sows and 60 boars. As previously stated, half of the boars had been removed from the breeding units during the summer, so there were actually only 30 males in the breeding room. During the 1st week 6 sows died from paratyphoid. The number of deaths per week increased slightly, to 10 animals, during the 4th week and then declined. A total of 43 individuals from this group succumbed to the infection; all of them were sows. No deaths occurred among the boars exposed to infection in the breeding units nor among those isolated in individual cages. The number of deaths per week among the breeders during the 8 week period is given in Table I . Exactly a week after the epidemic began the first deaths occurred among the stock pigs which numbered, at the time, 218 individuals. The number of deaths per week reached a peak during the 3rd week and then declined. There was a total of 50 deaths for the 8 week period. The number of deaths per week is given in Table II .
The appearance of the infection among the guinea pigs of the second group, sows with unweaned young, practically coincided with its appearance among the stock pigs. During the 8 week period a total of 11 deaths occurred among the 69 individuals which composed the PARATYPHOID INFECTION.
I population of unweaned young at the start. Data are incomplete as to the number of sows with young during the 8 week interval. 1 sow succumbed to the infection. The number of deaths per week is given in Table III . The active stage of the epidemic lasted 8 weeks and was followed by an endemic period, characterized by sporadic deaths, which has continued to the present time (May, 1926) . During the year 1925, a total of 229 deaths from all causes occurred in the guinea pig population. Of that total, 91 animals showed sufficient evidence to warrant the diagnosis of paratyphoid as the cause of death. Those guinea pigs that showed no evidence of specific infection were generally young, unweaned individuals that died shortly after birth. In most cases they appeared to be individuals that had received insufficient nourishment from the dam. The total of non-specific deaths included, in addition, a smaller number of stock guinea pigs and breeders that showed a variety of abnormal conditions upon autopsy. The distribution of specific deaths within the population during the year 1925 was as follows: breeders, 23; stock guinea pigs, 28; unweaned young, 40. Distributed as to sex there were 23 deaths among males and 62 deaths among females. Data were lacking in a few instances. The total number of deaths per month, the number of deaths from paratyphoid, the percentage mortality from paratyphoid, and the estimated population by months are given in Table IV. The gross pathological manifestations of the disease, encountered at autopsy, varied considerably. The most constant lesion, the one which led to the early name of pseudotuberculosis, was found in the spleen. In typical cases the surface was studded with foci varying in size from minute white points, barely discernible, to large yellowish nodules projecting above the surface and measuring several millimeters in diameter. Focal changes were found in the depths of the splenic tissue as well as on the surface. In addition there was marked enlargement and congestion of the spleen. With more acute cases death resulted before focal changes had occurred and the spleen showed only enlargement and congestion. There were gradations between the two extremes marked by the presence of occasional foci. In several instances an exudative membrane partially covered the surface of the spleen.
The liver often showed loci varying in number and in size. At times there was marked congestion and at times fatty degeneration. In some instances the gall bladder was distended by a thin, purulent fluid. The intestinal tract, particularly the small intestine and cecum, showed congestion. In the cecum small, circumscribed areas of
hemorrhage were often present. There was generally an involvement of Peyer's patches, which in the more acute cases were swollen and showed small gray points giving a stippled appearance. In the less acute cases in which sufficient time had elapsed for the appearance of focal changes in other tissues, the same were generally discernible in Peyer's patches as distinct nodules, white or yellowish in color, and varying in number from one to sufficient to pack the entire patch. Lymphoid tissue in other localities, the mesenteric nodes and cervical nodes, often showed involvement varying from swelling with congestion to the presence, in addition, of foci. Less constant changes noted in other organs were an anemic condition of the kidney and a patchy congestion of the lung. The genital tract often showed involvement. In the female there was congestion of the uterus with enlargement and accompanied sometimes by exudative plaques on the peritoneal surface and sometimes by the presence of a thin purulent exudate on cross-section. In the male changes were less frequent. At times the testis showed congestion and appeared swollen and soft. The seminal vesicles presented an opaque appearance with or without congestion.
As a routine procedure a culture was made from the spleen of all guinea pigs that came to autopsy. In every instance where the postmortem findings indicated paratyphoid there was obtained from the spleen a microorganism which showed cultural and biochemical characteristics typical of the paratyphoid members of the Salmonella group. Morphologically the microorganism was an actively motile, Gram-negative bacillus. On agar it produced colonies which were transparent, fiat, of a bluish cast, non-mucoid, with regular border, and reaching a size up to 4-5 ram. in diameter after 48 hours on a thinly seeded plate. In broth a dense, even turbidity was produced in 24 hours with scant sediment and sometimes a partial surface film. Hydrogen sulfide was produced from peptone, but no indole. Gelatin was not liquefied. Of carbohydrates dextrose, maltose, mannitol, and dulcitol were fermented with acid and gas. There was no fermentation with saccharose, lactose, and salicin. In milk a transient acidity was produced with a slow change to an alkaline reaction. After 10 days to 2 weeks the milk presented a yellowish, semitranslucent appearance.
The bacteriological technic employed at postmortem was as follows.
With young guinea pigs the entire spleen was removed with sterile forceps to an agar slant containing a small amount of bouillon at the base. With adult animals one or several pieces of spleen were torn off and added to agar. In special cases cultures were made from other organs and from the feces. The tubes were examined after 18 hours and 48 hours of incubation at 37°C. If growth had occurred microscopic examination was made for motility. B. paratyphi shows active motility after 18 hours incubation, whereas most of the other bacteria, such as strains of B. coli, encountered at times in the spleen are non-motile or very sluggishly motile after that period of growth. Non-motile bacteria were not further identified. If the microorganism was motile additional preliminary tests were made in some cases. Generally when an 18 hours motility was encountered a pure culture of B. paratyphi was obtained. In doubtful cases where the 18 hours growth showed a few motile forms additional tests were always made. A transfer from the original culture was made to malachite green-lead acetate bouillon. If the tube showed a brown precipitate with motile bacteria after 18 hours of incubation, a lead acetate plate was streaked and several of the brown colonies which developed transferred to agar slants. In some instances the fermentation reaction was tried in saccharose and lactose bouillon.
In all cases the cultures tentatively identified as B. paratyphi were tested with an agglutinating serum. The antiserums were obtained from rabbits immunizedt with a culture isolated from a typical case of paratyphoid early in the endemic: period. The first serum employed showed an agglutination limit in a dilution of 1:25,600 for its homologous culture. With it were tested a representative number of cultures isolated during the active period of the epidemic and all cultures. isolated during the endemic period through August, 1925. The second serum showed an agglutination limit in a dilution of 1:51,200 and was used for testing all cultures isolated from August, 1925 to the present time. The method employed in the direct agglutination tests was as follows. The growth on an 18 hour agar slant of the organism was removed with saline and the suspension diluted to a turbidity corresponding to 2.4 on the Gates scale. 0.5 cc. amounts of the antiserum, ranging by twofold dilution from 1:100 to 1:25,600, were. pipetted into small tubes and 0.5 cc. of the fresh unheated suspension added t~ each, giving a final dilution range of 1:200 to 1:51,200. Appropriate controls were included. The reaction was read after 3 hours incubation at 37°C. a~4 again after 18 hours at ice box temperature.
Of 110 cultures tentatively identified as B. paratyphi which were~ tested by one or the other of the two serums only one failed to agglutinate to the titer limit of the serum for its homologous strain. The single exception was a culture isolated from a sow which died early in: the endemic period with typical paratyphoid lesions. The culture:
showed positive presumptive tests for B. paratyphi but was agglutinated only through a dilution of 1: 3,200 by a serum with titer limit in a dilution of 1:25,500. A number of cultures were encountered which showed spontaneous flocculation in saline. In some instances cultures showed slight agglutination in a dilution higher than that of the previously determined titer limit of the serum. paratyphi. If so, it was apparently of no further significance as low agglutinating cultures were not subsequently encountered.
Agglutination Limits with Guinea Pig
The relationship of the causal organism of the epidemic to other members of the Salmonella group was studied by direct agglutination. The agglutination limits of 18 members of the Salmonella group and of one strain of B. typhi with an antiserum prepared against the epidemic strain are given in Table V . There are included, in addition, the agglutination limits with an antiserum prepared against a culture of Mouse Typhus I. This culture was originally isolated by Lynch (9) Table VI. DISCUSSION.
There was no indication that the active stage of the epidemic was preceded by a pre-epidemic period marked by occasional deaths. Routine examination of all guinea pigs that died among the stock had been made prior to the appearance of the early cases and nothing suggestive of the disease had been encountered. The infection began abruptly, ran a moderately acute course for a period of 8 weeks, and then subsided in part. The active stage was followed by a long protracted endemic period characterized by sporadic deaths. During both stages female guinea pigs showed a somewhat greater susceptibility to the infection than did the males. This difference in susceptibility was well brought out with the breeders during the active stage. Similar differences in susceptibility have been noted with other outbreaks of paratyphoid. With the adult animals, breeders, and older stock guinea pigs, the disease did not run a particularly acute course. At postmortem it was customary to find well developed lesions the nature of which would indicate that the disease had been in progress for about 1 to 2 weeks. With the younger guinea pigs, unweaned and recently weaned individuals, the disease was more acute. The unweaned animals sometimes died 2 to 3 days after birth with no noticeable manifestations save a slightly enlarged and congested spleen yielding B. paratyphi in pure culture. The cultures isolated at postmortem, with one exception, were of the same strain of B. paratyphi.
The comparative study of the agglutinative affinities of the epidemic strain was not extensive enough to permit definite conclusions as to its position in the Salmonella group. Direct agglutination indicated that the epidemic strain was closely related to three stock strains of guinea pig origin and to three strains from other rodents. It showed only remote relationship to a fourth guinea pig strain, to several types of human B. paratyphi, to B. enteritidis Gaertner, and to a group of strains isolated from domestic animals. Absorption tests with Mouse Paratyphoid I and with Guinea Pig Paratyphoid 922 gave further proof of a close relationship between the two strains, if not of their actual identity. The indicated relationships are in harmony with the early work of Wherry (3) and the more recent work of Krumwiede, Valentine, and Kohn (11) . The latter investigators studied the agglutinative affinities of fifteen strains from guinea pigs. Thirteen of the strains were alike and identical, as shown by agglutinin absorption, with two strains from mice and one each from a rabbit and a cat. They concluded that a distinct paratyphoid type or group of bacilli was encountered in spontaneous infections of laboratoryanimals especially rodents.
It is apparent that other members of the Salmonella group may be encountered, at times, in natural infections of the guinea pig and of other small animals as well, strains closely related to B. enieritidis Gaertner and but remotely related to the type discussed. Likewise, it is to be expected that the rodent strain will be found occasionally in larger animals exposed to infection through contact with rats and mice.
SUMMARY.
The course of a natural outbreak of paratyphoid in a normal guinea pig population is outlined. A description is given of the gross pathology of the disease. The bacteriology of the causal organism is discussed with particular reference to its agglutinative affinities.
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